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Role of C–C chemokines in Takayasu’s arteritis disease
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Abstract

Background: Takayasu’s arteritis (TA) is a chronic obliterative inflammatory disease. Inflammatory cell infiltration and destruction of the

vessel wall in TA strongly suggest that cell mediated immunological mechanisms play an important role in the pathogenesis of this disease.

Therefore, in the present study our aim was to focus on the role of chemokines and adhesion molecules in patients with Takayasu’s disease.

Methods: Twenty-one patients with clinically defined TA and 21 healthy control volunteers were recruited by using the standard criteria.

Patients with TA were divided into those with clear-cut clinically active or inactive disease based on vasculitis activity score.

Results: MCP-1 and hRANTES were significantly increased in patients with TA as compared to controls. MCP-1 and hRANTES values

were reliably able to distinguish between patients with active disease vs. subjects in remission. sVCAM-1 levels remained unaltered between

patients and controls.

Conclusions: C–C chemokines can be used as reliable markers/diagnostic tools in determining the activity of Takayasu’s arteritis.

D 2006 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

A preponderance of evidences from clinical and exper-

imental studies supports the notion that inflammation plays

an important role in a wide range of vascular disease and has

focused attention on the signals that initiate cellular

infiltration of vascular diseases. Takayasu’s arteritis (TA)

is a chronic obliterative inflammatory disease, involving

large elastic arteries, aorta and its main branches [1]. The

female and male ratio shows significant variation among

different ethnic groups being 24:1 among Japanese and 6:1

in Korean patients [2], 2.1:1 in India [3], 1.2:1 in Israel,

2.15:1 in Thai patients [4], 3.6:1 among the Turkish patients

[5] and 6.9:1 in Mexican [6]. The pathogenesis of this

morbid condition is still unknown. Epidemiologically it is

found mostly in females of reproductive age and is more

prevalent in Asian and Latin American countries [7,8].
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Adventitial inflammation is the defining feature in many

forms of arteritis. Inflammatory cells in the adventitia may

likely produce many active chemokines and members of

RANTES (regulated on activation, normal T-cell expressed

and secreted) gene family, which may increase the

inflammatory state of the tissue. Comparable to the

observations in atherosclerosis, about the role of cytokines,

chemokines as well as adhesion molecules like vascular cell

adhesion molecule-1 (VCAM-1) in the intima and adventitia

of atherosclerotic vessel suggest that these observations may

also be important in the setting of arteritis.

In vitro data indicates that cytokines such as interleukin-

1, tumor necrosis factor-a (TNF-a) and interferon-g induce

cell surface expression of VCAM-1 or intercellular adhesion

molecule-1 (ICAM-1) in endothelial cells and smooth

muscle cells [9,10]. In addition, induction or up regulation

of cell surface VCAM-1, or ICAM-1 has been observed in a

variety of inflammatory diseases [11].

Once the inflammatory response has begun in the

adventitia, cytokines released by inflammatory cells present

in the adventitia may contribute to the maintenance of
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chemokines and adhesion molecule expression, thus further

stimulating the inflammatory response. C–C family of

chemokines, e.g. MCP-1 (monocyte chemotactic protein-1)

and RANTES have been shown to be involved in trafficking

of blood borne monocytes to the site of inflammation and

are implicated in the pathogenesis of several inflammatory

diseases [12].

Noris et al. [13] have reported a close correlation of

RANTES levels in Italian subjects with disease activity.

Noguchi et al. [14] have found significant high levels of

sVCAM-1 in TA subjects as compared to the healthy

controls in Japanese populations and hypothesized that

increased levels of sVCAM-1 may have some relation with

disease activity. We are here reporting the status of

monocyte chemotactic protein-1 (MCP-1) levels in Takaya-

su’s disease. To the best of our knowledge MCP-1 levels

have not been reported in patients suffering from TA in any

ethnic populations.

Therefore, keeping in view the inflammatory aspects of

the disease and significant variations in different ethnic

groups, in the present study we have focused on the role

of the chemokines like RANTES and MCP-1 and

adhesion molecule VCAM-1 in the subjects with Takaya-

su’s arteritis in North Indian population. These molecules

may play a significant role during the inflammatory

process in TA and thus, unveil some more hidden facts

of the disease.
2. Materials and methods

2.1. Clinical profile of study subjects

Twenty-one patients with TA were enrolled at a special

clinic in Postgraduate Institute of Medical Education and

Research (PGIMER), Chandigarh. A modified diagnostic

criterion of Sharma et al. [15] was used to clinically

diagnose these 21 patients of TA with a sensitivity of

92.5% and a specificity of 95%. The criteria consisted of

five modifications of Ishikawa’s criteria [16]. These

included (a) removal of the obligatory criteria of age less

than 40 years, (b) inclusion of characteristic signs and

symptoms as major criteria, (c) removal of age in defining

hypertension, (d) deletion of absence of aorta-iliac lesion

in defining abdominal aortic lesion, and (e) an addition of

coronary artery lesion in absence of risk factors. A

detailed clinical examination with special emphasis on

asymmetry or absence of arterial pulsation, presence of a

bruit over the aorta or its branches, blood pressure

recording in all four limbs and an ophthalmic examination

were done in all the patients. The blood pressure

measurement was carried out as per JNC VI recommen-

dations [17].

Active disease was arbitrarily defined in accordance with

National Institute of Health (NIH) as new onset or

worsening of at least two of the following four features:
(i) signs and symptoms of vascular inflammation or

ischemia (claudication, decreased or absent pulses or blood

pressure in extremities, bruits or carotidynia); (ii) elevated

ESR; (iii) angiographic abnormalities; and (iv) systemic

symptoms not attributable to another disease, e.g. fever,

polyarthralagia, polymyalgias.

A complete angiogram was done for each and every TA

subject who were suspected to be in active phase of disease.

In other subjects, the absence of new vascular lesions was

confirmed by either angiography or ultrasonography.

Finally, the scoring for subjects was done according to the

above-mentioned NIH criteria. Subjects, which were found

to have new onset or worsening of each of the above-

mentioned feature, were scored 1; a score of 2, 3 or 4

defined active disease.

In the present study, 16 (76.2%) subjects were in active

phase when they were enrolled in the study, and 5 (23.8%)

were in remission.

Management of the TA subjects was based mainly on the

symptomatology and immune basis of disease. Immuno-

suppressive therapy was the mainstay of the medical therapy

during the active stage of disease. The steroids like

prednisolone, wysolone were the drug of choice in these

study subjects.

2.2. Experimental design and protocol

Biochemical laboratory investigations included a com-

plete hemogram, urine analysis, blood biochemistry and

fasting blood glucose examination. The study was ap-

proved by The Medical Ethics Committee of Postgraduate

Institute of Medical Education and Research (PGIMER),

Chandigarh.

2.3. Control subjects

Twenty-one normal, healthy, unrelated subjects of both

sexes, belonging to same ethnic origin and socio-economic

background were included in the present study as controls.

The following exclusion criteria was used, e.g. absence of

a clinical history of cardiovascular disease, collagen

disease, autoimmune disease and any current inflammatory

disorder.

All patients and controls represented the ethnic group of

North Indian subjects from the states of Punjab, Haryana,

Himachal Pradesh, Uttar Pradesh and Delhi. Informed

consent was taken from all the patients and control subjects

prior to their participation in the study.

2.4. Sampling

Venous blood was collected from the overnight fasted

individuals in the morning from antecubital vein into plain

sterile tube for serum and in EDTA for plasma. Serum/

plasma was separated and stored at �80 -C for further

analysis of chemokines and adhesion molecules.



Table 1

Physical characteristics of the study subjects (n =42)

Investigations TA (n =21) Controls (n =21)

Age (years) 26T12 28T10

Sex ratio (M:F) 5:16 7:14

Blood pressure

Systolic (mm Hg) 143T28* 122T2

Diastolic (mm Hg) 88T22* 80T4

BMI (kg/m2) 27T6** 23T3

Smokers*** 2 3

Alcohol use*** 2 3

n =Number of subjects.

Data are MeanTS.D.

* p <0.01 vs. control.

** p <0.05 vs. control.

*** Occasionally.

Table 2

Biochemical Investigations in TA patients

Investigations TA (n =21) Controls (n =21)
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2.5. Determination of monocyte chemotactic protein-1

(MCP-1)

Circulating serum levels of monocyte chemotactic

protein-1 (MCP-1) were determined in 21 patients with

TA and 21 control subjects by using commercially available

ELISA kit obtained from Amersham Biosciences (RPN

2769). The minimum detectable concentration in the assay

was 51 pg/ml with an intra-assay variability of 10% and an

inter-assay variability of 10%.

2.6. Determination of human regulated on activation,

normal T-cell expressed and secreted (hRANTES)

Serum levels of hRANTES were determined in 21 TA

patients and equal number of control subjects by using

commercially available ELISA kit obtained from Amersham

Biosciences (RPN 2771). The minimum detectable concen-

tration in the assay was 51.2 pg/ml with an intra-assay

variability of 10% and an inter-assay variability of 10%.

2.7. Determination of soluble vascular cell adhesion

molecule-1 (sVCAM-1)

Soluble vascular cell adhesion molecule-1 (sVCAM-1)

was determined in the serum of 21 TA patients and their

controls by using commercially available ELISA kit

obtained from R&D systems, USA (BBE3). The minimum

detectable concentration in the assay was 20 ng/ml with an

intra-assay variability of 5% and an inter-assay variability of

10%.
ESR (mm) 23.91T16.81* 15.41T10.98

Hb (g/dl) 10.71T1.41* 14.8T1.89
TLC (mm3) 8867.66T2796.18 9008.45T2489.35

Urea (mg/dl) 28.2T8.8 27.4T7.9

Creatinine (mg/dl) 0.84T0.3 0.83T .04

n =Number of subjects.

Data are MeanTS.D.
ESR—erythrocyte sedimentation rate, Hb—hemoglobin, TLC—total leu-

kocyte count.

* p<0.05 vs controls.
3. Results

3.1. Physical characteristics

The clinical characteristics of the TA patients and

controls are shown in Table 1. Total number of the TA

patients and control subjects were twenty-one each. The
male/female ratio in TA patient group was 5:16 as compared

to 7:14 in the control subjects. The age range of TA patients

was 17–53 years, where as in controls it was 15–49 years.

As far as clinical parameters are concerned, the commonest

mode of presentation was hypertension. Other common

features included asymmetry of pulses, vascular bruits and

breathlessness [18]. We observed a higher blood pressure,

both systolic and diastolic in TA patients as compared to

their control counterparts, the value being statistically

significant ( p <0.05). The body mass index (BMI) was

also moderately higher in subjects with TA as compared to

their control counterparts ( p >0.05; Table 1).

3.2. Biochemical profile

All the study subjects underwent baseline biochemical

and hematological investigations. Erythrocyte sedimentation

rate (ESR) and total leukocyte count (TLC) values were

higher in patients with active disease than in patients in

remission as well as in their control counterparts ( p <0.05),

which suggests an underlying inflammation. We observed

no statistically significant difference between patients and

control subjects as far as blood urea, serum creatinine and

uric acid levels are concerned ( p >0.05; Table 2). In these

patients an expansion of CD4+ subset, increase in CD4+/

CD8+ ratio was also noted (data not shown). These features

suggest that circulating lymphocytes in these TA patients

were in the activated state. Further, we noted the presence of

dendritic cells, which may contribute to the inflammatory

process by in situ activation of T lymphocytes.

3.3. Circulating levels of monocytic chemotactic protein-1

(MCP-1)

The serum levels of MCP-1 were determined in TA

patients and control subjects. The circulating levels of MCP-

1 were significantly higher in serum of patients with

Takayasu’s arteritis (402.9T235.3 pg/ml) as compared with

normal healthy subjects (304.8T74.3 pg/ml). Further, we

also observed remarkably higher levels of MCP-1 in TA

patients with active disease (476.3T222.4 pg/ml) as

compared to the TA patients who were studied during

remission of the disease (168T30.3 pg/ml). Also, the
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Fig. 1. Circulating MCP-1 levels in patients with Takayasu’s arteritis

(n =21), healthy controls (n =21) and in TA subjects studied during active

phase (n =16) and in remission (n =5). (a) Total TA subjects vs. controls

(402.9T235.3 pg/ml vs. 304.8T74.3 pg/ml). (b) TA subjects in active phase

vs. remission (476.3T222.4 pg/ml vs. 168T30.3 pg/ml). (c) Controls vs.

TA subjects in remission (304.8T74.3 pg/ml vs. 168.0T30.3 pg/ml).
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Fig. 3. Circulating hRANTES levels in patients with Takayasu’s arteritis

(n =21), healthy controls (n =21) and in TA subjects studied during active

phase (n =16) and in remission (n =5). (a) Total TA subjects vs. controls

(62.5T39.1 ng/ml vs. 19.7T16.7 ng/ml). (b) TA subjects in active phase vs.

remission (69.7T41.0 ng/ml vs. 39.4T21 ng/ml). (c) Controls subjects vs.

TA subjects in remission (19.7T16.7 ng/ml vs. 39.4T21 ng/ml).
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difference between patients with active TA disease and

those in remission was statistically significant ( p <0.05).

Circulating levels of MCP-1 in each study subject are shown

(Fig. 1).

3.4. Levels of soluble vascular cell adhesion molecule-1

(sVCAM-1)

In contrast to the observations with MCP-1, we observed

higher sVCAM-1 levels in serum of normal healthy controls

as compared with the patients of TA (516.5T129.2 ng/ml vs.

444.2T225.3 ng/ml). When the sVCAM-1 values were

compared between patients with active disease and with
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Fig. 2. Circulating sVCAM-1 levels in patients with Takayasu’s arteritis

(n =21), healthy controls (n =21) and in TA subjects studied during active

phase (n =n =16) and in remission (n =5). (a) Total TA subjects vs. controls

(444.2T225.3 ng/ml vs. 516.5T129.2 ng/ml). (b) TA subjects in active

phase vs. remission (450.2T253.1 ng/ml vs. 425T114.6 ng/ml). (c)

Controls subjects vs. TA subjects in remission (516.5T129.2 ng/ml vs.

425.0T114.6 ng/ml).
those in remission, slightly lower levels were observed in

subjects with remission of the disease. However, these

levels remained still lower than control subjects and were

statistically nonsignificant. sVCAM-1 levels in each control

subject (n =21) and each TA patient [active (n =16),

remission (n =5)] are shown in Fig. 2.

3.5. Levels of human regulated on activation, normal T-cell

expressed and secreted (hRANTES)

The serum levels of hRANTES were observed to be

significantly higher in patients with Takayasu’s arteritis

(62.5T39.1 ng/ml) as compared to the normal healthy

control subjects (19.7T16.7 ng/ml). We also observed

significantly higher levels of hRANTES in TA patients

with active disease as compared to subjects with TA studied

in remission (69.7T41.0 vs. 39.4T20.1 ng/ml), however, the

difference remained statistically significant ( p <0.05). Indi-

vidual levels of hRANTES in TA patients and their control

counterparts are plotted in Fig. 3.
4. Discussion

TA is a chronic non-specific inflammation of unknown

etiology and its pathogenesis is far from clarified. In spite of

current treatments, progression of vascular lesion is ob-

served frequently and the disease still remains a therapeutic

challenge.

TA is characterized histologically as a ‘‘panarteritis’’,

involving all the layers of the arterial wall. The inflamma-

tory process observed in the early stage of the disease

consists of infiltration of lymphocytes and monocytes

predominantly in the adventitia, also involving the outer

third of the media. The advance phase of the disease is
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characterized by the medial and adventitial fibrosis and

variable degree of intimal thickening resulting in luminal

narrowing and sometimes aneurysmal dilation due to medial

destruction. Affected areas consist of a mixture of both

active, productive inflammatory lesions and old fibrotic

lesions [19,20]. At this stage positive production of

inflammatory cytokines and/or adhesion molecules around

these areas is remarkable, suggesting a chemotactic activity

of T-cells and monocytes [14].

The most commonly used NIH (National Institute of

Health) criteria for active disease have been accepted as

reliable measure of disease activity but require an angio-

graphic examination for scoring [18]. The invasiveness and

cumulative radiation toxicity of this procedure limits its use

in monitoring disease progression. ESR and C-reactive

protein (CRP) have been used as conventional inflammatory

markers; however, they lack sensitivity and specificity

[21,22]. Kerr et al. observed that 72% patients with active

TA had elevated ESR. Our observations are in accordance

with the observation of Kerr et al. [23], as all TA patients

with active disease showed elevated ESR and CRP levels.

In these patients, an expansion of CD4+ subset, increase

in CD4+/CD8+ ratio was also noted (data not shown).

These features suggest that circulating lymphocytes in

these TA patients were in the activated state. Further, we

noted the presence of dendritic cells, which may contri-

bute to the inflammatory process by in situ activation of

T lymphocytes.

Various studies in the literature have demonstrated that

immune inflammation is a typical feature of TA and that the

interaction between dendritic cells and lymphocytes may be

important in the control of immune reactions in this vascular

pathology [24,25].

The recruitment of monocytes from peripheral vascula-

ture to an area of chronic inflammation is a complex

phenomenon. This complex process is likely mediated to a

large extent by chemotactic cytokines that are expressed via

a cytokine cascade. A number of diseases that are difficult to

manage are characterized by significant infiltrates of

monocytes [26]. Lymphocytes from TA patients are shown

to be sensitized against arterial antigen and are capable of

enhancing vascular damage via large vessel antigen induced

by activation and cytokine release. This statement is further

strengthened by the fact that inflammatory cell infiltrates in

aortic tissue samples from patients with TA consist mainly

of gyT lymphocytes, NK cells, macrophages, and CTL and

T-helper cells [13].

What is the signal that drives the mononuclear leuko-

cytes to infiltrate large vessels in these TA patients? We

have tried to address this question by measuring the

circulating levels of the chemokines and adhesion molecules

like MCP-1, RANTES and sVCAM-1 in patients with

Takayasu’s disease.

RANTES and MCP-1 belong to a family of potent

chemotactic cytokines that regulate the trafficking and are

rapidly unregulated at the site of vascular inflammation.
They play a pivotal role in immune system development and

deployment [27,29,30]. The extent to which chemokines

such as MCP-1 and RANTES contribute to the retention and

activation of macrophages in advanced lesions is unclear.

In this study of 21 patients with TA, we found that all

patients with TA had increased serum concentration of

MCP-1 and RANTES as compared with normal healthy

subjects. Further, both MCP-1 and RANTES levels were

remarkably able to discriminate between the patients with

active TA disease with those study subjects who were in

remission. As far as the literature is concerned, ours is the

first study to report MCP-1 levels in patients with

Takayasu’s arteritis patients.

IL-6, IL-1 and RANTES have been shown to be released

in large amounts by infiltrating inflammatory cells within

damaged tissues as well as by circulating inflammatory cells

and very likely help to maintain the aberrant immune

activation by promoting endothelial cell activation and by

inducing lymphocyte infiltration, thereby, increasing ex-

pression of adhesion molecules and facilitation of leukocyte

traffic [31].

Both MCP-1 and RANTES molecules have been shown

to have a compensatory role in balancing the impaired

mechanism involved in immune response during ageing

[32] and inflammation [28]. Few studies have shown that

MCP-1 expression is increased in atherosclerotic lesion and

injured arteries [27,31]. It has also been implicated as a key

player in recruitment of monocytes from blood into early

atherosclerotic lesions, the development of intimal hyper-

plasia after angioplasty as well as in vasculogenesis and in

aspects of thrombosis [28]. Besides promoting the transmi-

gration of circuiting monocyte, MCP-1 exerts various

effects on monocytes including cytokine production and

adhesion molecule expression [33].

Both these chemokines might reflect different status of

activation and/or responsiveness of monocytes and lympho-

cytes from TA patients, thereby, contributing to the

impairment of immune system in these patients. In this

regard, our findings are in accordance with the finding of

Noris et al. [13] who reported that monitoring the levels of

RANTES and IL-6 in serum might enable the clinician to

adopt better therapeutic measures for patients on an

individual basis.

We observed lower MCP-1 levels in subjects of TA in

remission, much lower than even healthy controls. This

pattern reflected on RANTES levels also. This finding is

intriguing. It has been reported in the literature that

corticosteroids as well as immunosuppressive agents added

to corticosteroids can bring TA into remission in many

patients. Dexamethasone, in a dose dependent manner, has

been shown to inhibit the expression of IL-8 and MCP-1 in

corneal fibroblasts induced by proinflammatory cytokines

both at mRNA and protein levels [34]. It is possible that

when the subjects with active TA disease were brought into

remission, could have reflected the effects of steroid therapy

during maintenance levels in these patients.
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Regarding inflammation, cell adhesion molecules (CAM)

mediate rolling and transendothelial migration of circulation

leukocytes into the vessel wall [35,36]. The cellular origin

of CAMs is uncertain, but possible cellular sources in

vascular structure include endothelial cells, smooth muscle

cells (SMC) and leukocytes. In the present study, we have

studied soluble vascular cell adhesion molecule (sVCAM-1)

in patients with TA and their control counterparts. As cell

adhesion molecules along with cytokines play a pivotal role

in the accumulation of inflammatory cells at the endothe-

lium and are known to regulate their interaction with the

vessel wall, these molecules are of particular interest [37].

The expression of vascular cell adhesion molecule-1

(VCAM-1) and intracellular cell adhesion molecule-1

(ICAM-1) has been shown to be unregulated on endothelial

cells in the lesions, and the levels of plasma soluble forms of

these molecules have been correlated with the surface

expression of CAMs [35,36,38]. Elevated levels of CAM

have also been reported in patients with CAD as compared

to in the normal healthy controls [39,40].

However, in contrast to the above observations we

observed no significant difference between the TA patients

and normal healthy subjects as far as sVCAM-1 levels are

concerned. Further, sVCAM-1 levels were also unable to

distinguish between subjects with active TA disease and in

those patients who were in remission. This finding is

intriguing. Although, the cellular sources of sVCAM-1 in

TA are still under investigation, recent work has demon-

strated chemokines expression following cell-to-cell and

cell-to-matrix adhesion. These findings demonstrate that

adhesion and not a soluble stimulus in some cases is

responsible for initiating or augmenting chemokines

expression. Smith et al. [41] hypothesized that effects of

adhesion are not limited to leukocytes and both immune

and non-immune cell types act as potential sources of

adhesion mediated chemokine expression. As a recruited

leukocyte encounters different adhesion substrates such as

endothelial cells, basal membrane, extracellular matrix and

fibroblasts, the expression of chemokines from both the

leukocytes and substrate may be initiated, inhibited or

augmented.

Another, possibility of not gaining clear-cut evidence

could be the small number of patients included in this study

and the stringent inclusion criteria for inclusion of these

patients in the study. Our findings are contrary to the

findings of Noguchi et al. [14] who reported increased levels

of sVCAM-1 in patients with TA as compared to the

controls whereas sICAM-1 levels were not altered. They

suggested that measurement of sVCAM-1 may have

potential as a non-invasive tool for diagnosis of this disease

activity.

Same workers also reported that when the levels of

sVCAM-1 and sICAM-1 were compared between TA

patients and control subjects based on their age, significant-

ly higher levels of sVCAM-1 were found in individuals who

were 50 years old compared to those <39 years old. In our
study, however, we had only one patient with TA with age

over 50 years. Further, we did not observe any significant

correlation of sVCAM levels and MCP-1 levels with age.

However, hRANTES levels correlated positively with age in

this study.

Our study reports are in agreement with the findings of

Hoffman et al. [24] who determined multiple surrogate

markers of disease activity including sVCAM-1 in patients

with TA. They reported that no marker was reliably able to

distinguish between age-matched healthy volunteers and

patients with active TA.

Biological expression of these important vascular chemo-

kines has been shown to be further mediated by NF-kappa B

[42]. It is anticipated that more precise delineation of these

patterns of gene expression will help to identify molecular

targets for prevention and treatment of TA.

So far our knowledge and survey of the literature shows

that this is a first report on MCP-1 expression in patients

with TA. Future work related to the study of regulation of

chemokine expression will provide insight into the

pathogenesis of many human diseases where chemokines

have a central role. Further, our data strongly demonstrates

that chemokines such as RANTES and MCP-1 mediate

inflammatory response and, thus can be studied as

potential diagnostic tools and markers of disease activity.

Therefore, inhibition of chemokines or chemokines recep-

tors might be novel therapeutic targets to combat this

disease.
References

[1] Lupi-Herrera E, Sanchez-Torres G, Marcushamer J, Mispireta J,

Horwitz S, Vela JE. Takayasu’s arteritis. Clinical study of 107 cases.

Am J Heart 1977;93:94–103.

[2] Numano F, Isohissa I, Kishi U, Arita M, Maezawa H. Takayasu’s

disease in twin sisters. Circulation 1978;58:173–7.

[3] Numano F, Isohisa I, Maezawa H, Juji T. HLA antigen in Takayasu’s

disease. Am Heart J 1979;98:153–9.

[4] Volkman DL, Mann DL, Fauci AS. Association between Takayasu’s

arteritis and B cell alloantigen in North Americans. N Engl J Med

1982;306:464–5.

[5] Doug RP, Kimura A, Numano F, Nishimura Y, Sasazuki T. HLA

linked susceptibility and resistance to Takayasu’s arteritis. Heart

Vessels 1992;7:73–80 [Suppl].

[6] Girona E, Yamamoto-Furusho JK, Cutino T, et al. HLADR6 (Possibly

DRB1*1301) is associated with susceptibility to Takayasu’s arteritis in

Mexicans. Heart Vessels 1996;11:277–80.

[7] Numano F, Kobayashi Y, Maruyama Y, Kakuta T, Miyata T, Kishi Y.

Takayasu’s arteritis clinical characteristics and the role of genetic

factors in its pathogenesis. Vasc Med 1996;1:227–33.

[8] Numano F, Kobayashi Y. Takayasu’s arteritis—beyond pulselessness.

Int Med 1999;38:226–32.

[9] Pober JS. Cytokine-mediated activation of vascular endothelium:

Physiology and pathology. Am J Pathol 1988;133:426–33.

[10] Couffmahl T, Dupala C, Moreau C, Lainaziere JMD, Bonnet J.

Regulation of vascular cell adhesion molecule-1 and intercellular

adhesion molecule-1 in human vascular smooth muscle cell. Circ Res

1994;74:225–34.

[11] Ramshaw AL, Parums DV. The distribution of adhesion molecule in

chronic periaorititis. Histopathology 1993;24:23–34.



V. Dhawan et al. / International Journal of Cardiology 112 (2006) 105–111 111
[12] Lu D, Yuan XJ, Evans Jr RJ, et al. Cloning and functional character-

istics of the rabbit C–C chemokine receptor 2. BMC Immunol

2005;7:15.

[13] Noris M, Diana E, Gamba S, Bonazzota S, Remuzzi G. Interleukin-6

and RANTES in Takayasu Arteritis: A guide for therapeutic

decisions? Circulation 1999;100:55–60.

[14] Noguchi S, Numano F, Gravanis MB, Wilcox JN. Increased levels of

soluble forms of adhesion molecules in Takayasu arteritis. Int J

Cardiol 1998;66(1):S23–33 [Suppl, Discussion S35–36].

[15] Sharma BK, Iliskovic NS, Singal PK. Takayasu arteritis may be under

diagnosed in North America. Can J Cardiol 1995;11:311–6.

[16] Ishikawa K. Diagnostic approach and proposed criteria for the clinical

diagnosis of Takayasu’s arteriopathy. J Am Coll Cardiol

1988;12:964–72.

[17] The sixth report of the Joint National Committee on prevention,

detection, evaluation and treatment of high blood pressure. Arch Intern

Med 1997;157:2401–45.

[18] Jain S, Sharma N, Singh S, Bali HK, Kumar L, Sharma BK.

Takayasu’s arteritis in children and young Indians. Int J Cardiol

2000;75:S153–7.

[19] Hottchi M. Pathological study on Takayasu’s arteritis. Heart Vessels

1992;7:11–7 [Suppl].

[20] Numano F. Takayasu’s arteritis. In: Hofman GS, Weyand C, editors. In

inflammatory disease of blood vessels. Cleveland.

[21] Matsuyama A, Sakai N, Ishigami M, et al. Matrix metalloproteinases

as a novel disease marker in Takayasu’s arteritis. Circulation

2003;108:1469–73.

[22] Kerr GS. Takayasu’s arteritis. In: Hunder GG, editor. Rheumatic

disease clinics of North America: vasculitis. Philadelphia (PA)’ WB

Saunders; 1995. p. 1041–58.

[23] Kerr GS, Hallahan CW, Giordano J, et al. Takayasu’s arteritis. Ann

Intern Med 1994;120:919–24.

[24] Hoffman GS, Ahmed AE. Surrogate markers of disease activity in

patients with Takayasu arteritis. A preliminary report from The

International Network for the Study of the Systemic Vasculitides

(INSSYS). Int J Cardiol 1998;66(Suppl 1):S191–4 [Discussion S195].

[25] Inder SJ, Bobryshev YV, Cherian SM, et al. Immunophenotypic

analysis of the aortic wall in Takayasu’s arteritis: involvement of

lymphocytes, dendritic cells and granulocytes in immuno-inflamma-

tory reactions. Cardiovasc Surg 2000;8:141–8.

[26] Kunkel SL, Standiford T, Kasahara K, Strieter RM. Stimulus specific

induction of monocyte chemotactic protein-1 (MCP-1) gene expres-

sion. Adv Exp Med Biol 1991;305:65–71.

[27] Charo IF, Taubman MB. Chemokines in the pathogenesis of vascular

disease. Circ Res 2004;95:858–66.

[28] Egashira K. Molecular mechanism mediating inflammation in vascular

disease. Special reference to monocyte chemoatrractant protein-1.

Hypertension 2003;41:834–41.
[29] Reape TJ, Groot HEP. Chemokines and atherosclerosis. Atheroscle-

rosis 1999;147:213–25.

[30] Luther SA, Cyster JG. Chemokines as regulators of T cell differen-

tiation. Nat Immunol 2001;2:102–7.

[31] Noris M. Pathogenesis of Takayasu’s arteritis. J Nephrol 2001;14:

506–13.

[32] Iarlori C, Gambi D, Gambi F, et al. Expression and production of two

selected beta-chemokines in peripheral blood mononuclear cells in

patients with Alzheimer’s disease. Exp Gerontol 2005;40:605–11.

[33] Terkeltaub R, Boisvert WA, Curtiss LK. Chemokines and atheroscle-

rosis. Curr Opin Lipidol 1998;9:397–405.

[34] Lu Y, Fukuda K, Nakamura Y, Kimura K, Kumagai N, Nishida T.

Inhibitory effect of triptolide on chemokine expression induced by

proinflammatory cytokines in human corneal fibroblasts. Invest

Ophthalmol Vis Sci 2005;46:2346–52.

[35] Davies MJ, Gordon JL, Gearing AJ, et al. The expression of the

adhesion molecules ICAM-1, VCAM-1, PECAM and E-selectin in

human atherosclerosis. J Pathol 1993;171:223–9.

[36] O’Brien KD, McDonald TO, Chait A, Allen MD, Alpers CE.

Neovascular expression of E-selectin, intercellular adhesion mole-

cule-1 and vascular adhesion molecule-1 in human atherosclerosis

and their relation to intimal leukocyte content. Circulation 1996;93:

672–82.

[37] Ley K. Molecular mechanism of leukocytes recruitment in the

inflammatory process. Cardiovasc Res 1996;32:733–42.

[38] Leeuwenberg JF, Smeets EF, Neefjes JJ, et al. E-selectin and

intercellular adhesion molecules are released by activated human

endothelial cells in vitro. Immunology 1992;77:543–9.

[39] Morisaki N, Saito I, Tamura K, et al. New indices of ischemic heart

disease and ageing: studies on serum levels of soluble intercellular

adhesion molecule-1 (ICAM-1) and soluble vascular adhesion

molecule-1 (sVCAM-1) in patients with hypercholesterolemia and

ischemic heart disease. Atherosclerosis 1997;131:43–8.

[40] Hwang SJ, Ballantyne CM, Sharrett AR, et al. Circulating adhesion

molecules VCAM-1, ICAM-1 and E-selectin in carotid atherosclerosis

and incident of coronary heart disese cases. The atherosclerosis risk in

communities (ARIC) study. Circulation 1997;96:4219–25.

[41] Smith RE, Hogaboam CM, Strieter RM, Lukacs NW, Kunkel SL.

Cell-to-cell and cell-to-matrix interactions mediate chemokine expres-

sion: an important component of the inflammatory lesion. J Leukoc

Biol 1997;62:612–9.

[42] Viedt C, Vogel J, Athanasiou T, et al. Monocyte chemoatrractant

protein-1 induces proliferation and interleukin-6 production in human

smooth muscle cells by differential activation of nuclear factor-kB and

activator protein-1. Arterioscler Thromb Vasc Biol 2002;22:914–20.


	Role of C-C chemokines in Takayasu's arteritis disease
	Introduction
	Materials and methods
	Clinical profile of study subjects
	Experimental design and protocol
	Control subjects
	Sampling
	Determination of monocyte chemotactic protein-1 (MCP-1)
	Determination of human regulated on activation, normal T-cell expressed and secreted (hRANTES)
	Determination of soluble vascular cell adhesion molecule-1 (sVCAM-1)

	Results
	Physical characteristics
	Biochemical profile
	Circulating levels of monocytic chemotactic protein-1 (MCP-1)
	Levels of soluble vascular cell adhesion molecule-1 (sVCAM-1)
	Levels of human regulated on activation, normal T-cell expressed and secreted (hRANTES)

	Discussion
	References


